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Abstract
Background: Accurate monitoring of sedation and proper utilization of the BIS Monitor in
intensive care unit (ICU) patients can result in decreased use of sedative medications, which can
lead to decreased time to extubation, thereby reducing costs and even perhaps the length of
hospital stay. The purpose of this project was to provide education to medical intensive care unit
(MICU) nurses to increase their knowledge and confidence using the BIS monitor.
Methods: A middle range theory, specifically the Synergy Model for Patient Care was used as a
conceptual framework for designing the intervention and The Johns Hopkins Evidence-Based
(JHNEBP) Model served as a guide for implementation of the project. Participants included
MICU nurses. Data were collected utilizing a pre-intervention and post-intervention survey.
Intervention: A self-guided MyLearning module with supplemented materials.
Results: For all statements, the level of agreement increased from pre- to post-intervention, and
the increases were statistically significant (p-value < 0.05) for statements one, two, and four.
Conclusions: BIS monitor education was beneficial to those who participated and could be
utilized by other hospital units that also utilize the BIS monitor as an assessment tool. This
project is the first step toward policy and procedure change in the ICU setting to promote better
patient outcomes related to evidence-based practice.
Keywords: bispectral index monitor, BIS Monitor, sedation, deep sedation, nursing, critical
care, nursing education, e-learning, and distance learning
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Introduction
Problem description
The purpose of the Bispectral Index (BIS) monitor is to obtain objective numerical data
to assess the depth of sedation, mainly in mechanically ventilated (MV) patients who require
care in an intensive care unit (ICU). Based on literature, the BIS monitor was initially used in the
operating room (OR) and transitioned to other care areas such as ICUs and post-anesthesia care
units (PACUs) due to positive patient outcomes such as decreased extubation time (Mathur et al.,
2001). Based on a U.S. News and World Report hospital ranking, it is estimated that BIS
technology is currently in use in more than 60% of the best U.S. hospitals with operating rooms
and is available in more than 160 countries” (p. 1). It is not known when the BIS monitor was
formally introduced to ICUs and PACUs but can assume it was in the early 2000s. This
assumption is supported by Franges (2006) who stated the following: “BIS monitoring has been
used in anesthesia for over a decade. This technology is finding its way into the ICU to provide a
means of assessing the adequacy of sedation and preventing oversedation of critically ill
patients” (p. 58).
Initiation of the BIS monitor occurs through provider and nursing collaboration. The
monitor itself consists of a sensor, digital signal converter, cords, and a monitor or cable box.
The sensors are applied directly to the patient’s forehead and then cords, which are attached to
the sensor, are plugged into the monitor. Proper placement of the BIS monitor is achieved when
the signal quality index (SQI) is greater than 50. Difficulties oftentimes arise with the
interpretation of the output values; they are not as easily understood, deterring nursing staff from
using the BIS monitor. Accurate monitoring of sedation in ICU patients is crucial, as deep
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sedation has been linked to poor patient outcomes such as increased length of intubation and
mortality (Shehabi et al., 2012; Wang et al., 2017).
The Richmond Agitation Sedation Scale (RASS) has been commonly used to assess
sedation in ICU patients and a study conducted by Wang et al. (2017) found that BIS output
values correlate with RASS scores. BIS monitor values range from zero to 100; “a value of 0
represents the absence of brain activity, and 100 represents the awake state” (Mathur et al., 2021,
p. 2). Therefore, proper utilization of the BIS monitor can result in decreased use of sedative
medications, which can decrease time to extubation, thereby reducing costs and even perhaps the
length of hospital stay (Klopman & Sebel, 2011). Based on this knowledge, it is hypothesized
that the BIS monitor is a valid tool to ensure patients are not over sedated thereby promoting best
practice and patient outcomes.
The BIS monitor is currently utilized within a medical intensive care unit (MICU) at a
large urban, midwestern teaching hospital. Registered Nurses (RNs) working in the MICU
initiate the BIS monitor, interpret the output, and document the output. However, an informal
survey of staff and feedback from the MICU nursing education specialist (NES) revealed that
MICU RNs have not been formally educated on the appropriate application and use of the BIS
monitor or how to accomplish the above tasks. At present, education regarding the BIS monitor
is available to the staff within their intranet in Elsevier. Based on unit feedback, Elsevier is not
widely known among staff or sought out for educational purposes. An informal assessment and
observation of staff revealed a common theme: a lack of knowledge surrounding the BIS
monitor. More specifically, it found that the lack of formal education has led to an unwillingness
to utilize the BIS monitor and frustration with the interpretation of the output. One nurse
specifically stated, “we had no prior training for the BIS monitor and do not understand the basic
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mechanisms in which it works.” Continuing education for RNs is critical to build theoretical
knowledge and develop clinical reasoning and therefore promote best practice, helping ensure
safe and quality patient care (Guilhermino et al., 2018). This feedback highlights the gap where
RNs working in this hospital’s MICU have the potential to increase their knowledge and
confidence using the BIS through an education intervention.
Available knowledge
BIS Monitor
The BIS monitor is “derived from a non-invasive technology that provides a composite
value of cortical activity between 0 (no cortical activity) and 100 (completely awake) using
electrodes placed on the frontal and temporal areas” (Coleman et al., 2015, p. e34). The monitor
is a simple piece of equipment, however, interpreting the output values may not be as easily
understood, which makes the monitor inconvenient for staff to use. The BIS is a relatively new
piece of hospital equipment that was implemented in 1994 to measure the level of consciousness
during general anesthesia (Davies, n.d.). The BIS monitor started being utilized in ICUs in the
early 2000s, and much research has been conducted to ascertain its validity as a sedation
assessment tool.
Several articles were reviewed to ensure that the BIS monitor was a valid tool for patients
receiving sedative medication. Oliveira et al. (2017) discussed specific outcome measures that
could apply to the ICU setting. The outcomes included the following: time for spontaneous eyeopening, time for eye-opening upon verbal command, time to endotracheal extubation, time for
hospital discharge, and [postoperative] delirium. Overall, the BIS monitor showed significance in
decreasing time to endotracheal extubation and decreasing the risk of delirium, and had no
significant results related to the other outcome measures discussed.
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Studies performed by Wang et al. (2017), Yaman et al. (2012), and Zheng et al. (2018)
indicated that the BIS monitor was a meaningful tool that can be used to assess sedation in ICU
patients, and also found it to be significantly correlated with RASS scores.
Gélinas et al. (2011) conducted a study in surgical and medical ICUs and found the BIS
monitor was sensitive to painful stimuli such as turning and endotracheal (ET) suctioning. The
study also stated that no significant BIS output changes were observed during times of gentle
touch, which could indicate the BIS monitor’s validity in detecting pain (Gélinas et al., 2011).
Finally, Klopman & Sebel (2011) assessed over 30 randomized control trials (RCTs) that
pertained to the cost-effectiveness of the BIS monitor in a PACU. The authors assessed several
patient outcome measures and the subsequent impact the BIS monitor could have on the cost
after waking from general anesthesia such as decreased sedation use, faster wake-up times, and
associated survival as they could relate to the ICU setting. Klopman & Sebel (2011) deduced that
the BIS monitor was a cost-effective tool to monitor sedation while under general anesthesia;
less sedative use, decreased wake times, and prediction of mortality were contributing factors
that aided this conclusion.
Education
Due to COVID-19 and the uncertainty of the ongoing pandemic, hospital leadership
recommended implementation of the education through a form of distance or electronic learning.
Therefore, the literature review was focused on distance or electronic learning (e-learning).
Unfortunately, to the best of the project leaders’ knowledge, there was no specific research
regarding education on the BIS monitor for nurses.
Literature showed that nurses improved their knowledge acquisition with the help of elearning interventions on many topics including assessments, disease process, medication
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administration, and laboratory value interpretation (McCrow et al., 2014; Rouleau et al., 2019;
Suppan et al., 2021; Worm, 2013). Nine systematic reviews (SRs) and three RCTs showed an
increase in skills performance following nurses' participation in e-learning (Du et al., 2013;
Rouleau et al., 2019).
When participating in e-learning, nurses were often satisfied with the quality of content,
flexibility, effectiveness and convenience of the technology, efficiency, and self-directed
learning (Du et al., 2013; McCrow et al., 2014; Rouleau et al., 2019; Suppan et al., 2021). Nurses
expressed dissatisfaction with e-learning due to technical difficulties, a lack of computer
experience and internet literacy, slower information exchange, and a preference for face-to-face
format (Rouleau et al., 2019).
McCrow et al. (2014) claimed that the clinical value of an e-learning intervention was its
potential to improve patient outcomes through nurse education. Mistraletti et al. (2016)
determined that e-learning required a small number of human resources, and the
cost/effectiveness ratio seemed promising. Worm (2013) believed that some traditional teaching
could be delivered as e-learning without loss of quality and over time this would be a more
sustainable solution. Further, e-learning has the potential to include more advanced content than
didactic learning such as multimedia and interactive navigation (Worm, 2013). On the contrary,
there is often inadequate supervision, communication, and instruction with e-learning (Du et al.,
2013). More technical and expense support in hardware and software is required. Optional elearning interventions and lack of incentive led to a lower participation rate (Du et al., 2013;
Mistraletti et al., 2016; Suppan et al., 2021). E-learning platforms have not yet developed to
accommodate the social aspect of traditional classroom teaching (Worm, 2013).
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Overall, evaluation of the evidence on education indicated that multiple educational
modalities are effective. E-learning was found to be effective and produced superior, or at least
the same effects as traditional learning (Du et al., 2013; Rouleau et al., 2019). The literature
agreed that most education interventions are better than no intervention, however, they did not
identify one sole education modality to be superior to all others.
An issue commonly noted in the literature when discussing the value of e-learning was
the potential difference in material quality, communication skills, and digital setup; making
comparisons between learning methods uneven and hard to quantify (Suppan et al., 2021; Worm,
2013). Authors amongst the literature stressed the importance of choosing the right educational
methods for the content and purpose of the educational material (Worm, 2013). The most
effective way to increase nurses’ knowledge is a topic of ongoing research.
Rationale
An informal survey of nursing staff revealed positive feedback and buy-in for BIS
monitor education. This knowledge helped solidify the need for project implementation. A
middle range theory, specifically The Synergy Model for Patient Care, was used as a conceptual
framework for designing the intervention. The “function of middle range theories is to describe,
explain, or predict phenomena, and they must be explicit and testable. Thus, they are easier to
apply in practice situations and to use as a framework for research studies” (McEwen & Wills,
2019, p. 208-209). Critically ill patients who require the use of the BIS monitor also require their
nurses to be knowledgeable and competent in its interpretation to guarantee quality care.
Therefore, the Synergy Model was applied to research of the BIS monitor to enhance patient
outcomes through best practice.
Specific Aims

9

The purpose of this project was to increase MICU nurses' knowledge and confidence
using the BIS monitor. To achieve this purpose, the project leaders conducted a literature review
regarding the BIS monitor and education modalities. To effectively teach MICU nurses about the
BIS monitor and how to properly use it, the best current education modalities were identified.
Based on these findings, the Doctor of Nursing Practice (DNP) project leaders developed and
implemented a formal education intervention for MICU nurses who are currently using the BIS
monitor on critically ill patients.
Methods
Context
The Johns Hopkins Evidence-Based (JHNEBP) Model served as a guide for
implementation of the project. This model provided a systematic approach to translating
evidence into practice and has been successfully used to implement EBP in many different
nursing settings, including inpatient, outpatient, and academic settings (Melnyk & FineoutOverhold, 2019).
The project was implemented in the MICU at a large, urban, midwestern teaching
hospital. The MICU contains approximately 20 hospital beds. The MICU provides
interdisciplinary care to patients with a variety of serious medical conditions including sepsis,
shock, respiratory failure, gastrointestinal hemorrhage, and metabolic imbalances.
The participants in this project were the RNs working in the MICU at this medical
institution, as they are the primary users of the BIS monitor who had not received prior education
on the monitor. All nurses actively working in the MICU were included, which was
approximately 100 nurses. To best tailor the intervention to the nursing role, other unit staff and
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providers were excluded from this project. Providers are required to create orders based on BIS
monitor output and therefore, could be included as participants in a future project.
The project team consisted of two DNP project leaders, a project advisor, and a clinical
site project mentor. Key stakeholders involved in this project included the MICU’s clinical nurse
specialist (CNS), nurse manager, and current working RNs.
Interventions
The review of literature on education modalities and the BIS monitor, as well as the
utility and feasibility of the proposed interventions, led the project leaders to implement BIS
monitor education via e-learning, specifically a MyLearning module. Content distributed in the
MyLearning module was determined based on data gathered in the pre-intervention survey and
the needs of the nurses as determined by unit leadership and the DNP mentor. Before
dissemination, all material was approved by the DNP mentor, who is also the NES for the
MICU. The MyLearning module provided MICU nurses with an overview of the BIS monitor
and evidence as to its usefulness in this patient population. Indications for use, BIS monitor
elements, BIS output values and how to interpret them, set up and troubleshooting the BIS
monitor, proper documentation, and factors affecting BIS output were also discussed. See
Appendix A for an outline of the BIS monitor MyLearning module. Although not mandatory, the
BIS monitor MyLearning module was assigned to all nursing staff, and they had six weeks to
complete it.
Further, based on the literature, recommendations from the MICU’s NES, and the preintervention survey, the project leaders utilized a poster board presentation and case studies to
supplement the e-learning module. For further details of supplemental materials, see Appendix B
for the BIS monitor case studies and Appendix C for the BIS monitor poster board. The DNP
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project leaders were on-site twice per week during the implementation phase to present the
poster board to nurses and answer any questions.
Study of interventions, Measures, and Analysis
To assess the impact of the interventions the project leaders used pre- and postintervention surveys. The surveys were created by the project leaders with the help of the project
mentor, project advisor, and a Winona State University (WSU) statistician. Surveys were built to
ensure anonymity and distributed to MICU nurses via e-mail. The project leaders attended unit
huddles and sent emails to nursing staff to remind and encourage participation. To ensure the
validity and effectiveness of the surveys, participants were asked to provide a unique identifier,
which included the last four digits of their mobile phone number to anonymously match the
collected data.
The pre-intervention survey consisted of 11 questions and provided the project leaders
with both qualitative and quantitative data. This survey assessed demographics, baseline
knowledge, overall confidence using the BIS monitor, perceived helpfulness of the BIS monitor,
and preferred learning styles of nurses in the MICU. The pre-intervention survey also included
an open-ended question where participants had the opportunity to add questions, comments, or
concerns. The post-intervention survey consisted of seven questions and included the same
questions as the pre-intervention survey with the exclusion of the demographic questions.
Five statements included in both the pre- and post-intervention surveys were used for
statistical analysis to assess primary and secondary project outcomes. Those five statements
included (1) I have adequate knowledge of the BIS monitor and its purpose, (2) I feel confident
utilizing the BIS monitor and interpreting the results, (3) I know where and how to document the
BIS monitor, (4) I know where the BIS monitor and electrodes are stored, and (5) in my nursing
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role, I find the BIS monitor to be helpful. Responses to these statements were measured on a 10point Likert scale, with 10 indicating strongly agree and zero indicating strongly disagree. A
paired t-test was used to analyze differences amongst pre- and post-intervention survey
responses.
Ethical considerations
The investigators did not identify any conflicts of interest or need for a formal ethics
review. All participants had equal access to the BIS monitor posterboard presentation and
MyLearning module. The project was submitted and received approval from both the clinical site
and the University’s Institutional Review Boards (IRBs).
Results
Amongst 97 total participants, 29 (30%) completed the BIS monitor MyLearning and 15
(15%) attended the poster board presentation, which totals 44 participants (45%) that completed
the BIS monitor education.
A total of 40 participants completed the pre-intervention survey and 14 participants
completed the post-intervention survey. The unique identifier allowed the project leaders to
anonymously match collected data; however, only N = 6 complete responses were able to be
matched. Table 1 contains the data from the six matched responses; showing the mean responses
to each statement pre- and post-intervention and p-values from a paired t-test that tested for
differences in responses. For all statements, the level of agreement increased from pre- to postintervention and the increases were statistically significant (p-values < 0.05) for statements one,
two, and four.
Table 1

Statement One

Pre
5.7

Post
9.0

Difference
3.3

P-value
<0.001*
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Statement Two
6.0
Statement Three
7.8
Statement Four
7.3
Statement Five
5.8
* = statistically significant (p < .05).

9.2
9.0
9.5
7.3

3.2
1.2
2.2
1.5

0.001*
0.055
0.047*
0.075

Discussion
Summary and Interpretation
After completion of the BIS monitor education, participants felt they had increased and
adequate knowledge of the BIS Monitor (p < .001). Participants had increased confidence in
utilizing the BIS monitor and interpreting the results (p = 0.001). Participants felt they better
knew where the BIS monitor and electrodes are stored (p = 0.047).
The BIS monitor education did not have a statistically significant impact on participant’s
knowledge of where and how to document the BIS monitor (p = 0.055) and whether they found
the BIS monitor to be helpful in their nursing role (p = 0.075). Although not statistically
significant, there was an overall increase in the level of agreement among staff for these
statements, which indicates clinical significance.
Overall, we found that the BIS monitor education led to increased knowledge and
confidence in nurses who are using the BIS monitor within the MICU setting.
Limitations
One key aspect of this project was obtaining baseline information to understand current
gaps in knowledge and levels of confidence using the BIS monitor. This allowed the intervention
to fit the specific needs of the MICU, however, slightly limited the generalizability of the project
as it is less applicable to other patient populations. Also, the educational intervention did not
include physicians, nurse practitioners, or physician assistants, as they are not the primary
operators of the BIS monitor, further limiting generalizability.
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The COVID-19 pandemic brought about unpredictable challenges and barriers including
staffing shortages, nursing turnover, higher acuity patients, and increased workloads. Due to
these various factors, we can assume that many participants were unable to complete the BIS
monitor education, attend the poster board presentation, or complete the surveys. These factors
ultimately resulted in small sample sizes.
Conclusion
The BIS monitor education intervention was useful to those who participated in the
learning. Several nurses commented that they learned “a lot” from the education and were
appreciative it was available to them. The BIS poster board is still available in the staff
conference room for continued education, and a Helpful Hints (HH) sheet with tips regarding the
BIS monitor is in every nurse cubby to act as a reference post-intervention. The HH sheet also
includes information about where the BIS monitor and its other components are stored.
Furthermore, the BIS monitor myLearning module will be continuously updated by the MICU
NES and CNS and will be available every year as a refresher for nursing staff.
The intervention could translate to other areas of the hospital that utilize the BIS monitor
such as the surgical and cardiovascular ICUs; the BIS education could be tailored to the specific
needs of each floor. It could also serve hospitals as an orientation educational module for new
hires and a yearly competency requirement.
If BIS monitors continue to be used on acutely ill patients to assess sedation, it is possible
to see improved patient outcomes due to less sedative use, decreased risk of delirium, and
ultimately shorter hospital length of stay. However, to achieve this more research must be
conducted, policy and procedure changes need to be implemented, education expanded to
include the entire care team, and documentation and order sets altered to ensure accurate use.
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The education intervention is the initial step in what could be a much larger practice change.
Future researchers could use the data presented within this document to continue the BIS
education module, follow patients’ long term to assess their overall outcomes, and identify
implications that it could have on future hospital policy and spending.
Funding
No funding was received through the design, implementation, interpretation, or reporting
of this work.
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Appendix A
BIS Monitor MyLearning Module Outline
•

History of the BIS monitor

•

Indications for BIS monitor use

•

Types of BIS monitors used within the hospital setting

•

o

Stand-alone monitoring system and sensor

o

Compact monitoring cord and sensor

Elements of the BIS monitor(s)
o

Monitor, cord, electrode sensor

o

Sensor maintenance

•

BIS Monitor Set Up

•

BIS Monitor output, values, and interpretation
o

BIS output value

o

Signal-quality-index (SQI) bar

o

Electromyographic (EMG) bar

o

Suppression ratio (SR)

•

BIS Documentation in EPIC

•

Factors Affecting BIS Output

•

Troubleshooting BIS monitor issues

•

Case studies
o Vince Townsend
o Albert Swansen
o Charlette O’Connor
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Appendix B
BIS Monitor Case Studies
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Appendix C
BIS Monitor Poster Board

